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ABSTRACT 

Complex terminal-area flight maneuvers being considered for airline 
operations may not be acceptable to passengers. To provide technology in this 
area, a series of flight experiments was conducted by the National Aeronautics 
and Space Acini ni strati on using the U.S. Air Force Total In-Flight Simulator 
(TIFS) Aircraft to obtain passenger subjective responses to closely controlled 
and repeatable flight maneuvers. In 8 test flights, reactions were obtained 
from 30 passenger subjects to a wide range of terminal -area maneuvers, 
including descents, turns, decelerations, and combinations thereof. Analysis 
of the passenger rating variance indicated that the objective of a repeatable 
flight passenger environment was achieved. Multiple linear regression models 
developed from the test data were used to define maneuver motion boundaries 
for specifier degrees of passenger acceptance. 
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CHAPTER I 
INTRODUCTION 

The successful development and operation of any passenger transportation 
system involves many factors; principal among these is the system's accepta- 
bility to its passengers. It would be senseless, for example, to double the 
block speed of an aircraft by compromising its ride comfort or apparent safety 
to the extent that few people will be willing to ride the aircraft. In-depth 
field studies to define and rank the various factors influencing passenger 
acceptance of transport aircraft have been conducted within the last several 
years (refs. [1] and [2]). Findings of these studies indicate that air 
travelers generally consider safety, reliability, time savings, convenience, 
and comfort v>-> that order) to be more important than trip cost in determining 
overall satisfaction with a given vehicle. 

The development of passenger transport aircraft has historically Included 
simultaneous improvements in all five of the above key factors. However, as 
in all design evolutions, a point of trade-off has been reached in the 
terminal area where aircraft are operated at far-frow-optimum flight conditions. 
For years, commercial passenger aircraft have taken off and landed along 
straight, shallow, and unaccelerating flight paths, which have, as a side 
benefit, ensured passenger comfort. Rapidly increasing fuel prices are, 
however, demanding fuel conservation. To conserve fuel and to reduce air-traffic 
congestion in the terminal area, system planners are considering complex fight 
maneuvers, including curved approaches, decelerations, and turns near the ground. 
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In addition, some proposed aircraft nol se^reductl on procedures Involve steep 
landing approaches. Flight research to determine the feasibility (from the 
vehicle/ system standpoint) of Incorporating such unusual flight maneuvers Into 
routine operations Is part of NASA's Terminal -Configured- Vehicle Program 
(ref. [3]). Such maneuvers, however, may not be accepta:. le to passengers since 
certain combinations of linear and angular motions can be upsetting to the human 
vestibular system (ref. [4]). As ride comfort Is a significant factor In deter- 
mining acceptance and use of air transportation, a need exists for technology 
which will allow prediction of the degree of passenger comfort for terminal- 
area flight maneuvers. 

Ride-comfort research has been conducted both In the field, aboard 
commercial and research vehicles, and In the laboratory using motion simulators. 
Field testing and laboratory experiments have provided substantial capability 
In p»*ed1ct1ng passenger comfort In a vibratir.g flight environment (ref. [5]). 
Several years ago, however, exploratory flight experiments concerning maneuver 
effects on ride quality conclusively Indicated that criteria are needed which 
Include more than just vertical and lateral oscillatory motions (ref. [6]). 

Laboratory simulators lack motion capability sufficient to simulate 
SLjtalned flight maneuvers; whereas, field tests aboard commercial vehicles do 
not allow precise control and repetition of a given maneuver. A ve.'y limited 
Investigation of passenger comfort during turning flight maneuvers was conducted 
In 1971, using a two-place Navlon aircraft and two pilots as passenger subjects 
(ref. [7]). Unpublished results of this study suggest a maxliiium roll rate of 
15 deg/sac for simple turns and 20 deg/sec for S-turns. however, technology 
applicable to flight, maneuvers In general and based on responses of typical 
air travelers does not exist. 
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To provide the technology fro* which ride-quality predictive relations 
and criteria can be established for tennlnal-area Maneuvers* the present flight 
experiments were conducted by the NASA as part of a broader ride-quality experi- 
ments program using the U. S. Air Force Total In-Flight Simulator (TIFS) 
aircraft (fig. l). For this experiments program the TIFS variable-stability 
flight control system was modified to accept aircraft motlon-conmand signals 
from a magnetic tape. The TIFS thus modified, was used to expose passenger 
test subjects to closely controlled and repeatable flight maneuvers. This 
thesis describes the experiments, the analysis applied to the data to produce 
various ride-comfort models, and the maneuver-motion boundaries obtained 
when the models were exercised for various degrees of passenger acceptance. 

It Is anticipated that results presented herein will be most useful In the 
design of new, more complex approach and departure flight paths, as well as 
of aircraft having such flight path capability. 



CHAPTER II 

TEST VEHICLE 
Basic TIPS Aircraft 

The TIPS is a C131-H transport (similar to a Convair-580 conmercial 
transport) modified into a variable-stability research aircraft (ref. [8]). 
Principal uses for the TIPS include handling-quality evaluation and pilot 
training for advanced configurations prior to actual vehicle production. The 
TIPS, for example, has been used to simulate the NASA space shuttle, the 
USAP B-1 bomber (ref. [9])*and a Concorde-type supersonic transport (ref. [lo]). 
figure 2(a) illustrates the distinctive features of the basic TIPS aircraft. 

A simulation cockpit, mounted on the nose of the C-131, is designed to place 
evaluation pilots (who are the aircraft motion command sources) in a cockpit 
environment configured to closely duplicate that of the cockpit of the aircraft 
being simulated. The flight motion characteristics of the aircraft being 
simulated are also matched through use of special variable stability features 
of the aircraft iriilch include special motion control surfaces and an analog 
computer. Safety pilots, located In the original Convair cockpit, monitor the 
simulation in progress and have the capability of disengaging the variable- 
stability systen and resuming control of the aircraft at any time. 

The special motion control surfaces provide independent contro’’ of the 
forces along and moments about all three motion axes. Included are aerodynamic 
surfaces mounted vertically above and below each wing to provide side-force 
variation with very little rolling or yawing moment, aileron-type flaps 
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Immediately outboard of the engines to provide direct lift control, and servo- 
operated throttles to provide longitudinal force variation. High-performance 
electrohydraulic actuators drive the existing ailerons, elevator, and rudder 
to produce rolling, pitching, and yawing moments, respectively. Inputs to the 
analog computer come from the evaluation pilot's controls and airplane motion 
sensors. To simulate the flight characteristics of another aircraft, the 
analog computer circuitry is used to alter the stability and control charac- 
teristics of the TIPS. With appropriate adjustments, the new stability and 
control characteristics experienced by the evaluation pilots can match those 
of the particular aircraft being simulated. A digital recording system 
capable of recording 58 individual variables, such as airplane motions and 
pilot control inputs, logs the test results for engineering evaluation of the 
simulation. Further details of the basic TIPS aircraft can be found in 
reference [8]. 


Airframe and Cabin Interior Modifications 

Figure ?(b) illustrates the TIPS modifications made for ride-quality 
testing. The standard TIPS simulation cockpit was replaced with a nose fairing 
to reduce weight. Aft-mounted ballast was also removed to accommodate the 
additional weight required for cabin interior refurbishment, magnetic tape 
recorder, increased number of passengers, and increased fuel loading (to 
minimize ground delay time between flights). 

The aircraft forward cabin section between the cockpit and computer 
(fig. 3(a)) was outfitted with wood paneling, curtains, and a carpet to create 
an airline-type environment. Five pairs of standard Convair seats (fig. 3(b)) 
were provided for the 10 test subjects. Each passenger seat was provided with 
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a reading light, an adjustable outlet of conditioned air, a seat pocket with 
airsickness bag, and an emergency evacuation Instruction card. A restroom, 
equipped with a marine-type toilet, was provided adjacent to the test subject 
area. The TIPS hydraulic console area was soundproofed and trimmed with wood 
paneling to muffle the sound of the cont' ously-operating hydraulic boost pumps. 
All but one pair of test subject seats were adjacent to a window. For the 
flight-test director, an additional double seat was provided Immediately behind 
the test subjects, together with voice communicaclons to the pilots and test 
engineer and a public address system for Instructing the passenger subjects 
during flight. A closed-circuit television camera was mounted ahead of the 
seating area but behind a panel to record activity of a few of ’■he test subjects. 
The video Image was both recorded and viewed on a monitor located at the 
flight-test director's seat. 

Variable Stability System Modifications 

General block diagrams Illustrating changes made In the TIPS Variable- 
Stability System (VSS) are shown In figure 4. For the basic TIPS system 
(upper-block diagram), pilot control Inputs are electronically converted by a 
computer model of the simulated vehicle Into appropriate vehicle motion 
response signals. These signals are then combined by a feed-forward systen In 
thp computer to generate cotnnands to the TIPS flight control surfaces necessary 
to produce the appropriate aircraft motions. Feedback loops correct errors in 
the resulting aircraft motions. For the ride-quality experiments (lower-block 
diagram), the pilot-control Inputs were replaced by magnetic tape command 
signals. These conmand signals were then combined, with appr'priate filtering 
and shaping, to generate commands to the TIPS flight control surfaces necessary 
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to produce the desired aircraft motions. The response feedback system was 
retained. Trie general scheme Illustrated by this block diagram was followed 
for each cf the motion command signals: angle of attack, angle of sideslip, 
pitch angle, roll angle, yaw rate, and true airspeed. 

To Illustrate the system approach as well as techniques used to cope with 
various pro’lems encountered, the detailed block diagram design for the roll 
angle comma d Is presented in figure 5. The blocks In bold outline Identify 
addkbons made to the system. The motion command signals were Initially 
modified by a low-pass filter to eliminate signal content above 4 Hz which were 
found to excite airplane structural modes and produce undesirable motion at the 
passenger location. Spurious high-amplitude spikes In the motion command 
signals, produced by the FM playback unit, caused automatic VSS disennagement. 
This problem was corrected by reducing the first-order low-pass filter comer 
frequency to 1 Hz, and by adding a fourth-order low-pass filter having a 5 Hz 
corner frequency. To .emove signal transients during recorder start and stop 
operations, a variable attenuator was added to linearly increase the motion 
command signals from full attenuation to full strength over a 10-second interval 
after the recorder was started. The same circuit also diminished the signals 
back to full attenuation in the last 10 seconds before the recorder was stopped. 
A si destick controller (which controlled pitch as well as roll) gave the 
copilot the caiiubility of providing aileron trim and of maneuvering the aircraft 
with the VS system engaged to avoid cloud formations containing turbulence and 
to maintain altitude and air traffic clearance. 

An Integral fe;ture of the TIPS variable-stability system is a provision 
to monitor specific signal channels and to automatically disengage the VSS if 
any one ct the monitored channels exceeds a predetermined safe level. 
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The pilots could also disengage the VSS at any time using either a control- 
wheel -mounted switch or a center console switch. 

Motion Control System Performance 

In general, the TIPS proved to be an excellent vehicle for providing 
prescribed, closely controlled, and repeatable test motions. As illustration, 
figure 6 presents time histories of four appropriate motion parameters 
measured during a particular maneuver flown on two different flights. The 
maneuver shown is a turning deceleration with pitchover, which was probably 
the most complex and extreme maneuver tested, and therefore, was (me of the 
most difficult to repeat. Differences in parameter values are relatively 
minor between flights and are essentially constant over the time duration of 
the maneuver for the three parameters (roll angle, pitch angle, and indicated 
airspeed) which were specifically controlled by the motion connand tape. 
Differences could be expected to remain nearly constant during a commanded 
maneuver because each of the three parameters was recorded on the drive tape 
in terms of parameter deviation from a reference flight condition. The slight 
shifts in parameters between tne two flights are associated with minor changes 
in reference flight conditions by the copilot to avoid weather, to stay within 
a certain test area, or to increase/decrease test altitude. The positive 
shift in pitch angle (from flight A to flight B) is accompanied by a positive 
shift in airspeed because of a simultaneous positive shift in flight path 
angle. 



CHAPTER III 
FLIGHT TESTS 
Flight Naneuvers 

Maneuvers investigated individually consisted of one of three basic 
conqi>onents (steady descent, simple turn, or longitudinal deceleration) of 
typical terminal-area flight maneuvers. A few combinations of two or three of 
these components were used to study subjective responses to more complex 
maneuvers (for example, a turning deceleration with pitchover, etc.). The 
ranges of maneuver motion parameters (for example, flight-path angle, roll 
angle, etc.) were chosen to: (1) fall within the TIFS maneuver envelope and 

(2) somewhat exceed the motion parameter ranges normally encountered during 
terminal-area maneuvers of present commercial passenger aircraft. 

The maneuver test drive tapes were generated by flying the TIFS through 
the sequence of maneuvers. No two maneuvers of the same type were presented 
sequentially. Several preliminary check-flights were devoted to determining 
the aircraft configuration and piloting sequence necessary for the various 
maneuvers and to practice execution of the maneuver sequence in a continous 
and timely manner. This was found to be possible if the maneuvers were spaced 
no less than 90 seconds apart. The entire 48-maneuver sequence required a 
miniminn of 72 minutes of flight time. Concern that the results of a single 
test of this duration might be compromised by subject fatigue led to division 
of the test sequence into two equal test tapes, each having 24 segments and 
approximately 36 minutes in duration. In a few instances, flight envelope 
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restrictions and Inaccuracy of maneuver execution during the drive tape prepara- 
tion caused slight unintended motions in particular maneuvers; however. In 
neneral, this technique for generating a maneuver command tape was quite 
successfuT. 

A descriptive and parametric suiiinary of the maneuvers as recorded on the 
two command tapes is presented in table I. Of the 10 motion parameters listed, 
only maximum pitch angle, maximum roll angle, and indicated airspeed were 
Jirect^y specified by individual signals on the maneuver comnand tapes. The 
remaining seven parameters were free to vary from flight to flight. Uitn the 
exception of pressure altitude (whose initial value varied from flight to flight) 
repetition between flights or parameter values for a given maneuver was 
excellent. Very few of the actual test maneuvers were contaminated by undesired 
motions due to atmospheric turbulence. 

Passenger Subjects 

Thirty passenger subjects were chosen from among flASA 
employees, university students, and the general public, to include a range of 
age and previous flight experience and to represent air travelers in general. 

.ach candidate subject submitted a completed health questionnaire (app. A, 
quest. onnaire I) to the Langley Medical Officer for approval of his participa- 
tion in the flight experiments. Passenger subjects thus approved completed a 
bacl'nround survey questionnaire (app. A, questionnaire II) which was used to 
determine demographic characteristics and attitudes concerning flying 
(table 11(a)). Comparisons of the subjects' characteristics with those of 
general air travelers (refs. [1] and [11]) are shown in table 11(b) and 
figure 7. The data in table II indicate that in the present study the air 
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traveler was well represented, with the possible exception that the test 
subjects fly more for nonbusiness reasons and enjoy flying more. Figure 7(a) 
presents the importance of various factors determining overall trip satisfaction. 
Both general air travelers and the maneuvers experiments subjects rank comfort 
equal to or greater than cost in importance. The relatively greater impor- 
tance to the maneuvers subjects of cost is probably because a greater portion 
of their flights are made for nonbusiness purposes and therefore at personal 
expense. Figure 7(b) indicates the importance of various factors determining 
passenger comfort; for the six most Important factors, good agreement exists 
between the maneuvers subjects and general air travelers. Agreement was not 
good for the three lowest ranking factors: presence of smoke, li''^ting, and 
workspace. Estimates of the importance to comfort of these three factors con- 
trast with estimates of the relative importance of in-flight passenger 
activities (fig. 7(c)): The maneuver test subjects appear more sensitive to 
the presence of smoke, yet rank smoking greater in importance as an activity. 

They also indicate a greater importance of lighting and workspace, yet indicate 
an activity-preference for thinking, viewing, talking, and daydreaming rather 
than reading, eating, or writing. This discrepancy may be due in part to 
differences in passenger interpretation of the term "workspace" (perhaps 
including equating with roominess in general). The subjects' stated preference 
for viewing is in agreement with later findings concerning passenger subject 
activities during test flights and may have influenced their ride comfort 
assessments by providing increased visual motion cues. In summary, table II 
and figure 7 indicate that with regard to demography, flight experience and 
attitudes toward flying, the 30 TIFS maneuver test subjects were reasonably 
representative of air travelers in general. 
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Test Procedure 

Approximately 1 hour prior to a given test flight, 10 of the test subjects 
were assembled and briefed on the purposes of the TIPS Ride-Quality Program In 
general and of the upcoming flight In particular. The subjects were Informed 
of the types and magnitudes of motion to be experienced and of the ability of 
any subject at any time to terminate the Input motion by a simple hand signal 
(such termination. In fact, occurred just once). After all questions were 
answered, each subject signed the manifest, and boarded the aircraft. 

Once all passenger subjects were aboard and seated with seat belts secured, 
the TIPS aircraft took off and during about 15 minutes climbed to the appropriate 
test area, altitude, and heading. The aircraft was then trimmed In straight 
and level flight and the variable-stability system engaged. The motion-command 
tape recorder was started and the motion command signals were brought to full 
strength. Por the next 30 to 40 minutes, the aircraft was piloted by the tape 
recorder, with the exception of occasional pitch and roll trim changes by the 
copilot to keep the aircraft within safe test airspace. As the various test 
maneuvers were experienced In the aircraft, the beginning and end of each 
evaluation Interval (typically 30 sec) were announced over the aircraft's public 
address system by the test direction. At the end of each evaluation Interval, 
each passenger subject recorded on a rating sheet (app. A, questionnaire III) 
his estimate o^ his own total comfort on a 7-po1nt rating scale employing 
undefined descriptors ranging from "Very Comfortable" to "Very Uncomfortable" 

(see table III). In addition, each subject was asked to report In a "Comments" 
column any aspect of the passenger enviroranent which he considered dominant In 
his assessment of personal comfort. Upon completion of the entire set of 
motion test segments, the motion command signals were atteriated, the tape 
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recorder was stopped, the variable-stability system disengaged, and the aircraft 
returned to the Langley Research Center and landed. During the return trip, 
the passenger subjects completed summary questionnaires (app. A, questionnaire 
IV) stating their assessments of the overall comfort (using the 7-po1nt scale) 
of the test ride and of specific aspects of ride comfort (for example, motion, 
noise, seat comfort, etc.). Upon landing, the passengers deplaned and, after 
a short debriefing, were dismissed. 



CHAPTER IV 
FLIGHT TEST RESULTS 

The 2 motion command tapes contained a total of 48 unique flight 
maneuvers (24 on each tape). Each command tape was tested 4 times for a total 
of 3 maneuver test periods. Each of the 48 unique flight maneuvers was 

therefore repeated 4 times. Each of the resulting 192 test maneuvers was 

evaluated by 10 passenger-subjects. A grand total of 1920 individual ride- 
comfort ratings were thus obtained. 

Aircraft Maneuver Motion Data 

A total of 58 aircraft motion, aerodynamic, and flight control variables 
were measured and digitally recorded (at 50 samples of each variable per 

second) continuously throughout each of the 8 maneuver test periods. For 

example, the aerodynamic variables included such qualities as the aircraft 
angle-of-attack and sideslip angle. Examples of the flight control variables 
recorded are the aileron, elevator, flap and rudder deflections, and engine 
throttle position. Of the aircraft motion variables recorded, the 13 variables 
listed in table V were selected for subsequent data reduction and analysis. 

As pre' iously mentioned, the reason for using pre-recorded magnetic tape 
signals to command the aircraft flight motions was the requirement that the 
same flight maneuvers be evaluated by more than one subject group during dif- 
ferent flights. Comparison of time histories of the 13 aircraft motion 
variables during flight-to-f light repetition of any specific test maneuver 
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Indicates that this requirement was met. During the 8 test flights, the 
maneuver-motion-variable values presented in table I were achieved to within 
10 percent. The single exception to this was pressure altitude, which varied 
considerably because of deliberate reduction of initial (start of maneuver 
tape) altitude as the flight program progressed and because of copilot control 
inputs between test maneuvers. Only during two test maneuvers did the air- 
craft encounter noticeable atmospheric turbulence. 

A minor malfunction of the data recorder caused distortion of low- 
amplitude oscillatory motion tape signal content throughout 4 of the 8 maneuver 
test periods. This distortion had negligible effect on the present analysis 
but precluded spectral analysis of the motion data. 

Passenger Subjective Response Data 

To illustrate the range of ride-comfort ratings obtained, the 240 ratings 
from the first test flight are presented in table IV. The mean of ten subject 
ratings for a given maneuver ranged from 1.10 (very comfortablel to 5.60 
(between somewhat uncomfortable and uncomfortable), while the mean of the 
24 ratings given by a single subject during any single flight ranged from 
1.50 (between very comfortable and comfortable) to 5.13 (somewhat uncomfortable). 
Rating standard deviations were approximately equivalent in both cases (ranging 
from 0.30 to 1.91 and from 0.50 to 1.90, respectively), suggesting that varia- 
tion among subject responses to a given maneuver or maneuver sequence was as 
ignificant as variation in responses among maneuvers. A comparison of the 
mean of a given subject's responses to the 24 maneuvers in a single flight with 
his overall comfort assessment of that flight (from the post-flight question- 
naire) is shown in figure 8. Those subjects whose mean ratings for the 
24 maneuvers were on the comfortable side of neutral appear to have either 
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forgotten or forgiven part of their experience in making an overall comfort 
assessment. Conversely, those subjects whose mean ratings for the 24 man' . 'ers 
were on the discomfort side of neutral tend_d to give worse overal * comfort 
ratings. In making overall comfort assessments, subjects avoided both rating 
scale extremes .very comfortable and very uncomfortable) altogether and tended 
to avoid the midpoint (neutral). Most subjects found the flights to be slightly 
on the comfortable side nf neutral (mean rating = 3.60). The standard deviation 
of all the comfort ratings (1.513) is much larger than that of ratings obtained 
while using a similar comfort scale in vibratory motion experiments (For exam, les 
see ref. [13]). 

Responses to the post-flight questionnaire indicated that 6 of the 
30 passenger subjects used airsickness medication in the past, although none 
used it during these flight experiments. Seven subjects reported experiencing 
some symptoms of motion sickness during the maneuver experiments. The pre- 
dominant activities during flight were thinking, looking out the window, and 
talking (in that order). Most subjects said the seats were comfortable. By 
far the motion found most uncomfortable was the sudden descent (pitchover 
following a longitudinal deceleration). The non-motion factors found most 
uncomfortable were the noise level, cabin pressure changes, and temperature 
(in that order). All other non-motion factors were rated as comfortaMt. 

The relationship between passengers' overall comfort assessments and 
their sat sfaction with the ride is shown in figure 9. Here a "satisfied" 
P"senger is one who at the end of the riue expresses willingness to take 
another ride with no doubt or hesitation. Pata from the TIPS maneuver experi- 
ments are compared with data from commercial airline flights (ref. [1]). 

Becaise of the general agreement between the 2 sets of data and because the 
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connercial flight data is based on a substantially larger sample, in subsequent 
discussion the commercial flight relationship is used. 

Analysis of variance applied to the passenger response data (detailed in 
appendix B) confirmed that the objective of presenting a repeatable flight 
environment to passenger-subjects on different flights was achieved. The par- 
ticular maneuver being tested and the passenger seat location were found to 
significantly affect tt subjective rating given, while the variation in ratings 
given between repetitions of a given maneuver sequence were insignificant. Seat 
location effects can be largely explained by three seats which were non-reclining 
and in a noiser location than the other seven. Significant multiple-factor ef- 
fects exist which were not found to be explainable by known passenger-subject 
characteristics. 



CHAPTER V 

MULTIPLE LINEAR R^SSIQN ANALYSES 

To deteniliie the reiatlonshtp(s) be^Men passenger coaifort ratings and 
Measures of the aircraft Motion, the e^rlMental data obtalneo were analyzed 
by Multiple llimr regression. It should be eMphasIzed that regression analysis 
Is siMply data-fitting (that Is. deteiwining an eMpIrIcal equation which 
characterizes the (rt>served relationship between a dependent variable (the 
passenger coMfort rating) and one of More Independent variables (the Measured 
aircraft Motion variables}). The basis for detemlnlng the most appropriate 
equation Is Minimization of the Mean square error, where error Is the arlth- 
Metic difference between a given comfort rating and the corresponding rating 
predicted by the equation. Thus, the resulting equation Is empirical and not 
based on fundamental cause-effect relationships characterizing human response 
to motion. This point Is too frequently overlooked by those unfamiliar with 
regression analysis. Linear regression analysis ms performed because of Its 
relative simplicity of Interpretation, both In the analysis Itself and In. 
practical application of the analysis results. 

Linear regression analysis was performed In two ways. First, all of the 
data were analyzed as a whole to develop a comfort model (predictive equation) 
based on maneuvering motions In general. The data were then subdivided Into 
Individual maneuver types (turns, descents, decelerations, S-tums, and 
turning decelerations) and a model developed for each maneuver type. The 
predictive accuracy of the general model and of the particular model were com- 
pared for each type of maneuver. In all analyses, individual subjective 
ratings were used rather than the mean rating given a particular maneuver. 
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A aotlon varlidilt SMpltd across a finite tiae Interval can have several 
different eaasures {f» exa^»U» eean value, rootHMan-square value, eean 
deviation, standard deviation, etc.). Wilch of these eeasitres w>st closely 
relates to passenger confort Airing flight Mneuvers has not bem detemlned. 
It eight be that different notion variables have different BMt-approprIate 
neasures. Therefore, both the general regression analysis and the partitioned 
analyses Mere conducted eeploying five different neasures of each notion 
variable. A nore detailed discussion of the re^sslon analysis enployed Is 
presented In a|>pend1x C. 


Sunuiry Regression Model 

Table VI presents the order In which the 13 notion variables entered the 
regression when the variables were Measured In each of 5 ways (naxinun deviation. 
Mean value, nean deviation, root-nean-square, and standard deviation) plus a 
conbinatlon of root-nean-square and standard deviation. Also shown for each 
regression step is the coefficient of nultiple deternlnation (R ) which Is 
the proportion of the total variation In Individual comfort ratings accounted 
for by the regression model at that regression step. None of the regression 
Models accounts for more than 40 percent of the variation In Individual comfort 
responses. The composite (rns and standard deviation) model Is the best linear 
model found after testing many possible variable and variable-measure combinations 
(not presented herein). For a given model, R also provides an indication of the 
Improvement In model fit to tiM data obtained by adding another variable. As a 
general guide, to merit Inclusion In the model (thus Increasing Its complexity). 

It was assumed that an additional variable should account for at least an addi- 
tional 1 percent In the variation In comfort ratings. For the best model, 4 



20 


variable aeasiires and together account for aore than 36 

percent of the variation In Individual coafort ratings. Adding as a 
fifth variable only accomits for an additional 0.8 percent. In fact, a 
regression model e^>1oy1ng all 13 variables. Instead of just 4, accounts for 
less than an additional 3 percent In rating variation. The most appropriate 
sunuiry regression e<piat1(Mi, then, seems to be one Incorpmratlng the first 4 
variable measures In the last colum. specifically 

R » 1.477 + 12.3 o + 32.8 + 11.6 o^ + 0.0220 (1) 

"x "y "2 

Statistics for this model are presented In table VII. The model accounts for 
36.3 percent of the variation In Individual comfort responses. The remaining 
63.7 percent Includes S4.1 percent due to variation in responses by the 10 
subjects experiencing any given maneuver (recall the large standard deviations 
of responses to a single maneuver). The remaining 9.6 percent Is error. While 
the nes error with respect to Individual responses using this model Is 1.209. 
when the variation In Individual ratings for a given maneuver Is acccHinted for. 
the rms error with respect to mean ratings Is only 0.469. While the correlation 
between the regression model and individual comfort racings Is only 0.602. the 
correlation between the model and the oMn rating given each maneuver Is 0.951. 
The regression has an F-value of 272 and Is thus significant to at least the 
0.0005 level; that Is. there Is less than a 0.05 percent chance that the 
regressiwi coefficients are In reality all zero and that the given equation 
results by chance. 

A 90 percent confidence Interval for each coefficient Is shown In table VII. 
For example, although It Is not certain that a repetition of the flight maneuver 
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experlaents «nd regression malysis muld resylt In a Oi,^ coefficient of 11.6 
there Is a 90 percent chance that the coefficient obtained would lie 
between 10.5 and 12.7. Also shown Is the portion of the average coafort rating 
contributed by each variable. It Is apparent fron these data that Is 
not only the variable Measure whose regression coefficient Is nost accurately 
known, but also the largest single contributor to the average coofort rating. 

Sinple Turns and 5-Tums 

Sinple turns (fig. 10) were flown at constant altitude and specified 
constant airspeeds. The aircraft was rolled into & specified roll angle wi^ 
a specified naxinun roll rate. After about 20 seconds of steady turning 
flight, the aircraft was brought back to straight and level flight, with 
approxiaately the saae naxinun roll rate. The naneuver evaluation Interval 
began approxinately 5 seconds before the beginning of roll into the turn and 
ended about 5 seconds after the return to straight and level flight. 

Regression analysis was applied to the 68 individual turning maneuvers 

(table VIII). The arbitrarily assumed requirenent that an additional variable 
2 

Increase R by at least 1 percent United the choice of regression model to 
one of two: eltiwr a model including and any or a model including 
and fny. There are only minor differences In the statistics for the two 
models and the latter Is chosen primarily because of Its relative simplicity 
of measure. 

The maximum Oy deviations always occurred during turn entry and exit 
(that Is, those portions of the turning maneuver were not fully coordinated 
(hy *0)). Because fny related to fp (correlation > 0.77) and tp 
was a primary test parameter, a regression was done using and fp , which 
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resulted In the folloMing aodel: 

R = 0.395 * 0.0640 * 0.0653 fp (2) 

Statistics for this nodel are presented in table IX and are further discussed 
later. Airspeed (which ranged fron 138 kt to 214 kt) and altitude (which 
ranged fron 1400 ft to 10,900 ft) during simple turns had only secondary ef- 
fects on comfort and their addition made little improvement in the above 
regression model. 

S-tums (fig. 11) were also flown at constant altitude and specified 
airspeeds. About five seconds after the beginning of the maneuver segment, 
the aircraft was rolled to a specified roll angle. After a fixed time 
interval (0, 10, or 20 seconds) at this roll angle, the aircraft was rolled 
to an equal, but opposite, roll angle. After about 10 seconds at this roll 
angle, the aircraft was brou^t back to straight and level flight and five 
seconds later the maneuver segment ended. All roll transients were with a 
specified maximum roll rate. 

Analysis of the S-tum data (table X) in general produced an order of 
variable and variable measure similar to that for simple turns. For this 
reason, and to obtain a comparison between a simple turn model and an S-tum 
model, the following S-tum model employing fp and was developed: 

R - -0.185 + 0.0785 ♦ 0.0806 tp (3) 

For statistics of this modal see table XI. Figure 12, which Is a plot of 
the two models (eqs. 2 and 3) graphically illustrates their similarity. A 
statistical test of significance (t-test) indicated less than a 5-percent 
chance that differences In regression coefficients between the two models 
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were anything more than chance occurrences. Therefore a composite regression 
model was generated using combined simple-tum and S-turn data: 

R = 0.293 + 0.0665 + 0.0697 fp (4) 

Statistics for this model are presented in table XII, including a comparison 
of its predictive accuracy with that of the suimary regression model developed 
earlier. The above model is only slightly more accurate in its fit to the turn 
and S-turn data than is the sumnary model but has the distinct advantage of 
employing only the relatively simple measure of maximum roll angle and maximum 
roll rate. 

A plot of equation 4 and mean ratings for the 23 unique simple turns and 
S- turns are shown in figure 13. Each mean-rating data point shown is the 
average of the 40 individual ride comfort ratings given one unique turning 
maneuver, as that maneuver was repeated on 4 different flights. The corre- 
sponding roll angle and roll rate for that point are the average maximum roll 
angle and maximum roll rate over the 4 repetitions of that maneuver. 

In agreement with the regression equation, these points Indicate a 
general trend for an increased roll rate to evoke a less favorable response. 

For a moderate maximum roll rate (15 deg/sec) passenger ratings generally 
became somewhat uncomfortable when the maximum roll angle exceeded 40° 

Just as confidence intervals were developed for individual regression coef- 
ficients, confidence intervals were developed indicating the probable range of 
mean comfort ratings to be expected should the experiment be repeated. 

Figure 14 presents 90-percent confidence intervals for the mean comfort re- 
sponse during a turn made with a maximum roll rate of 15 deg/sec. The solid 
line indicates the most likely linear variation of mean comfort rating with 
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roll angle. Although one cannot guarantee that repeating the turns experiment 
would result in mean comfort ratings falling on the solid line, one can pre- 
dict, with a 90-percent probability of being correct, that the mean ratings so 
obtained will fall within the limits shown. Also shown in figure 14 are mean 
comfort ratings for turning flight obtained by the University of Virginia 
during ride-quality experiments (ref. [12]) aboard the NASA General Purpose 
Airborne Simulator (GPAS). These data are in substantial agreement with the 
regression model, particularly at roll angles less than 40®. 

The information in figures 9 (ref. [8] data) and 13 can be used to form 
a linear relationship betwee oiling motion in a turn and passenger satis- 
faction, shown in figure 15. A pilot wishing to satisfy at least 95 percent 
of his passengers (with regard to comfort) will limit his roll angle during 
turns (for a 10 deg/sec maximum roll rate) to 20®. Reducing the maximum roll 
rate during the turn only slightly increases the allowable maximum roll angle. 
Written passenger comments on individual maneuvers occurred quite consistently 
when either the roll angle exceeded 40° (typically described as a "lightheaded 
feeling" or a "sinking feeling") or the maximum roll rate exceeded 15 deg/sec 
(typically described as "abrupt"). This result should be used with caution, 
however, as there may be a significant difference between the level of motion 
at which a passenger first becomes uncomfortable and the motion level at which 
he is uncomfortable enought to make a written comment. 

Steady Descents 


Steady descent maneuvers (fig. 16) were tested by gradually bringing the 
aircraft to a specified pitch angle and flight path angle and announcing the 
beginning and end of the evaluation interval before retrimming the aircraft 
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for the next maneuver. On occasion, the exit from an unusually steep descent 
was somewhat abrupt and iimiediately followed announcement of the end of the 
evaluation Interval. Subjects, however, had been specifically asked to evalu- 
ate only what they experienced during the evaluation interval. 

A preliminary examination of the subjective responses obtained during 
steady descents Indicated a definite symmetry about a zero pitch angle (that 
Is, that an aircraft pitch angle produced a similar degree of discomfort 
whether the aircraft were pitched nose up or nose down). Because this symmetry 
cannot be properly accounted for In a linear model employing the signed pitch 
angle, prior to regression all mean and maximum pitch angle values were con- 
verted to absolute values. Regression analysis of the resulting data 
(table XIII) suggests the following model: 

R = -0.1507 + 0.0981 [tgl - 0.118 + 0.0195 (5) 

Statistics for this model are given In table XIV. Mean rating contributions 
imply that for a given airspeed, aircraft pitch angle and flight path angle are of 
equal importance. This finding contrasts with the fact that while few passengers 
commented at all on the steepness of the aircraft pitch angle (up to 13.8® nose- 
down), many passengers complained about rapid changes in cabin pressure. It Is 
expected that repeating this experiment in a pressurized aircraft would result 
In a greatly reduced Influence of flight path angle. Plots of ride comfort 
rating versus aircraft pitch angle are shown for several flight path angles and 
two airspeeds In figure 17. Also shown in the figure are the means of data 
points obtained at flight conditions (flight path angle and airspeed) approxi- 
mating those applicable to the regression lines. The relatively larger amount 
of data scatter near zero pitch angle Is due to passenger responses to factors 
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other than aircraft motions (for example, noise, temperature, etc.). A 
90-percent confidence interval for mean passenger comfort rating during steady 
descents at an airspeed of 200 kt and flight path anglp of -6° is shown in 
figure 18. The most likely variation of mean comfort rating with pitch angle 
is that indicated by the solid line. There is a 90 percent chance that repeti- 
tion of any test point in this pa'*t of the experiment (v^ = 200 kt, y = -6°) 
would result in a mean comfort rating falling within the limits (dotted lines) 
shown. 

As previously mentioned, passenger subjects were quite specific and con- 
sistent in complaints of ear discomfort due to pressure changes during descents. 
A plot of the percentage of passengers aboard who specifically commented on ear 
discomfort versus descent rate is shown in figure 19. These data suggest that 
in order to limit ear discomfort to only 5 percent of the passengers aboard, 
descent rates in an unpressurized aircraft should be limited to 400 ft/min. 

A crossplot of data from figures S and 17 yields the passenger acceptance 
relationships shown in figure 20. As an example, a pilot of an unpressurized 
aircraft making a 6° approach at 200 kt and a pitch angle of 2° nose down, 
thus satisfying 90 percent of his passengers, could, by raising the nose 
slightly and slowing to 150 kt, satisfy 97 percent of his passengers with 
regard to comfort. 


Longitudinal Deceleration With Pitchover 
Longitudinal decelerations (fig. 21) were accomplished by placing the 
aircraft in a slight climb, nose up, with near-maximum engine power. The 
engine power was then abruptly reduced and the aircraft allowed to follow a 
curved flight path as the airspeed decreased with pitch attitude held constant. 



27 


As the airspeed approached a normal -landing final approach speed, the aircraft 
was pitched over to a nose-down attitude. The average longitudinal deceleration, 
the final pitch angle, and the pitchover rate were varied. The evaluation 
Interval began about 5 seconds before the engine power reduction and ended about 
I seconds after obtaining the final pitch angle. 

Regression analyses of data obtained during longitudinal decelerations 
followed by pitchover (table XV) suggest that the most appropriate model of 
passenger comfort during that type of maneuver Is simply 

R = 1.749 + 22.1 l (6) 

z 

The fact that n^ In this maneuver is typically zero except during the pitchover 
agrees with the fact that subjects typically found only the pitchover at the end 
of the deceleration to be uncomfortable, and that the discomfort of the pltchove'^ 
was due to the "heave" motion experienced. Subjects commented on the decelera- 
tion itself only in terms of anxiety over the obvious (noise level) reduction in 
engine power. The fact that the maximum longitudinal deceleration obtained 
(0.184 g) stimulated no comment whatsoever, agrees with findings of the Japanese 
National Railways that rail passengers made no objection to sustained decelera- 
tions of up to 0.17 g (ref. [14]). 

Statistics of the above regression model are given in table XVI. The 

coefficient of "is known quite accurately. The model fits the mean rating 

"z 

data to within an rms error of about one-third rating point, somewhat better than 
the summary regression model. The maneuvers themselves and the model together 
account for approximately one-third of the individual rating variance, while 
differences of opinion among the ten subjects evaluating any given descent 
maneuver accounted for nearly twice as much rating variance. 
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The deceleration model (eq. 6) was exercised by assuming an aircraft with 
the TIPS wing-loading and lift characteristics. The maneuver was assumed to 
Include a smooth decrease in airspeed while at constant zero pitch angle, fol- 
lowed by a smooth reduction in pitch angle. It was assumed that the 
deceleration took 20 seconds and the pitchover 5 seconds. This maneuver time 
history was synthesized on a digital computer by an iterative program having a 
solution interval equal to the flight data sample interval (0.02 sec). The 
resulting normal acceleration time histories, and hence rms values, closely 
approximated those of corresponding experimental maneuvers. 

The variation of passenger comfort with average pitch rate during pitchover 
predicted by the regression model is shown in figure 22 for three final pitch 
angles and two values of airspeed at pitchover. The final pitch angle and rate 
at which the aircraft pitches over have dominant effects on passenger comfort. 
The model also indicates that even a substantial longitudinal deceleration 
(0.157 g average for the 140 kt case) results in a net improvement in passenger 
comfort by reducing the airspeed, and hence normal acceleration, during pitch- 
over. Each experimental data point shown represents an average of the 
40 individual comfort ratings and four sets of motion measure for one of the 10 
unique deceleration-pi tchover maneuvers tested. Agreement between the model and 
experimental data is good. 

A 90 percent confidence interval for the variation of mean comfort rating 
with average pitch rate (final pitch angle of -10®, 200 kt airspeed) is shown in 
figure 23. While the solid line indicates the most likely mean rating, there is 
a 90 percent probability that repeating the experiment would result in mean 
ratings falling within the broken lines. Cross-plotting the data of figures 9 
and 22 results in the passenger-acceptance relationships shown in figure 24. 
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Constant acceptance boundaries with respect to final pitch angle and average 
pitch rate are shown for two airspeeds. For a small change In pitch attitude 
(which would normally be accomplished with a small pitching rate) a substantial 
average pitching rate Is permissible. For large changes In pitch attitude 
(where one might expect correspondingly large values of pitch rate) the allowable 
pitching rate for a given acceptance level Is sharply curtailed. Increased 
airspeed moves the acceptance boundary curves toward the origin. At normal 
approach speeds (140 to 200 kt), 95 percent passenger acceptance implies average 
pitch races not to exceed 0.5 deg/sec for small changes in pitch attitude or 
0.1 deg/sec for large changes in pitch attitude. 

Turning Decelerations With Pitchover 
Four different maneuvers of this type were tested. One ourpose was to 
determine which of the preceding simpler maneuve would have dominant influence 
on comfort In a more complex maneuver. The second purpose was to determine if 
the regression models developed for simpler maneuvers could be combined to closely 
model the data obtained in a more complex maneuver. The maneuver (fig. 25) began 
about 5 seconds after start of the evaluation interval with a roll (at moderate 
rate) Into a turn of specified roll angle and duration. During the roll into 
t turn, the engine power was reduced and the airspeed allowed to decrease with 
pitch attitude maintained. Near the end of the deceleration the aircraft was 
rolled out of the turn and pitched over to a steady descent condition. This 
flight condition was maintained through the end of the evaluation Interval. 
Regression analysis (table XVII) of the motion data from the 16 unique maneuvers 
and 160 individual ratings suggests the following model: 

R = 4.871 + 0.225 - 0.0557 o„ 

Y 


( 7 ) 



30 


Statistif s for this model are given in table XVIII. model fits the data 

quite well (mean rating rms error of 0.278) and indicates that the pitchover 

portion of the maneuver was the dominant factor influencing passenger comfort. 

This finding is in agreement with the subjects' written comments in which the 

pitchover was the dominant complaint, steepness of the turn was second , and 

almost none complained of the deceleration. As in the simpler deceleration plus 

pitchove»* (without turning) the longitudinal deceleration (proportional to a ) 

1 

had a beneficial effect on comfort. The reason for this is probably the same 
as in the case of the simpler maneuver: reduced airspeed at pitchover results 

in reduced normal acceleration during the pitchover, and hence increased com- 
fort. Although including Ojj in the model increases the portion of rating 
variance accounted for by the model from 13.1 to 14.8 percent, i* also greatly 
increases the uncertainty of the ether coefficient'. The F-statistic for this 
model indicates only a 0.1 percent chance that the regression co fic 
occurred by chance. However, because the model is based on such a stiiall portion 
of the total rating variance oltained during this type of maneuver, no parametric 
plots based on the model are presented. Estimating the comfort of these 
maneuvers using the model developed for simple- and S- turns (eq. 4) resulted 
in an average underestimation of 0.98 rating point, indicating that the subjects 
were responding to more than just the turn. The same exercise using the simple 
deceleration-with-pitchover model (eq. 6) yielded an average overestimation of 
0.27 rating point, probably because the negative (passenger pushed into 
the seat) during the turning portion of the maneuver is not nearly as uncom- 
fortable as the positive n^ (passenger lifted out of the seat) developed 
during pitchover. In another analysis approach each turning deceleration motion 
time history was divided into three segments: turn ent.'y, steady turn plus 
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deceleration, and turn exit plus pitchover. The four motion variables and 
variable measures thought most appropriate in each segment were reevaluated from 
the basic data tape. Regression analysis using the resulting data indicated 
that the variable accounting for most of the discomfort was the pitch rate 
during pitchover. With that portion of the variance accounted for, the next 
most significant variable was the maximum normal acceleration during turn ent«^y. 
Again, these findings are in complete agreemen': with the subjects' written com- 
ments. The model itself, however, failed to fit the rating data nearly as well 
as equation 7. In summary, it was determined that in a complex maneuver of 
this type, passengers react mostly to the pitchover, somewhat less to the turn, 
and little, if at all, to the deceleration. The limited number of unique 
maneuvers tested and the resulting limits on variable range so reduced the 
rating variance due to the maneuvers themselves that no satisfactory regression 
model could be developed. For this reason it is suggested that for this and 
other compound maneuvers the summary regression model be used to predict 
passenger comfort. 



CHAPTER VI 


CONCLUSIONS 

A series of flight experiments has been conducted using a variable- 
stability research aircraft and a significant number of passenger subjects to 
investigate the passenger comfort of terminal-area flight maneuvers. Analysis 
of the variance in the comfort ratings obtained indicated that the objective 
of repeating tne passenger environment from flight-to-f light by magnetic tape 
control of the aircraft was obtained. The same analysis and subsequent 
analyses, however, indicated that the rating variance due to differences among 
individual subjects responding to the same motion environment can be as large 
as or larger than the rating variance due to differences in the maneuvers 
themselves. The data obtained have been analyzed through multiple linear 
regression to produce several ride-comfort mooels. Each model expresses the 
passenger comfort rating of a given flight maneuver as a linear function of 
one or more of the motion variables measured during that maneuver. Optimum 
measures (mean value, root -mean-square, standard deviation, etc.) of the 
motion variables were determined for each type of flight maneuver tested. A 
summary model was oenerated using the entire data set collectively and is 
recommended for predicting the passenger comfort of compoui.d maneuvers, such 
as turning decelerations 

Modeling of simple turn and S-turn data indicated no significant differences 
in passenger response to the two types of turn. The analysis aiso indicated 
that passenger comfort was most closely described as a function of maximum roll 
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angle and maxinium roll rate, with little or no influence of airspeed or altitude. 
A goal of 95 percent passenger satisfaction implies a maximum roll angle of 20^ 
and a maximum roll rate of 10 deg/sec. 

The comfort model obtained for steady descents indicates a significant 
influence of pitch attitude, flight path angle, and airspeed. However, it is 
thought that the influence of the latter two motion variables was due to cabin 
pressure changes during the descents, rather than the motion variables 
themselves. A goal of 95 percent passenger satisfaction suggests a maximum 
descent rate (for unpressurized aircraft) of 400 ft/mi n and a maximum nose*dcwn 
pitch angle of 6^ during normal 3** approaches. 

Passenger comments and modeling of comfort ratings obtained during simple 
decelerations followed by pitchover indicate that the normal acceleration 
transient during pitchover was the dominant influence on comfort. Exercising 
the resulting regression model with computer- synthesized maneuver time histories 
indicates that a substantial longitudinal deceleration can actually improve 
overall passenger comfort by reducing the airspeed, and hence, the normal 
acceleration during pitchover. At normal approach speeds, a goal of 95 percent 
passenger satisfaction suggests maximum pitch rates of 0.5 deg/sec. 

Regression analysis of data from several compound maneuvers (turning 
decelerations with pitchover) produced a model which fit the data quite well. 

The data base for the model, however, was such that the model was based on only 
a small portion of the total variance in individual ratings. It is, therefore, 
suggested that for compound maneuvers the summary regression model be used. It 
was also determined that in a compound maneuver of the type tested, passenger 
comfort relates most closely to the pitchover portion, next closest to the turn, 
and little if at all to the longitudinal deceleration. 



APPENDIX A 

PASSENGER QUESTIONNAIRES 

Questionnaire I (pp. 35 - 36) was completed by each prospective passenger- 
subject and was the basis for approval or disapproval by the Langley Medical 
Officer of that subject's participation in the maneuver experiments. 

Questionnaire II (pp. 37 - 40) was completed by each passenger-subject prior 
to his participation in the maneuver experiments, and was used to determine his 
background, previous flight experience, and attitudes toward flying. 

Questionnaire III (pg. 41) was completed by each passenger-subject aboard 
each test flight and obtained that passenger's comfort evaluation of each of the 
24 maneuvers tested during that flight. 

Questionnaire IV (pp. 42 - 44) was completed by each passenger-subject 
aboard each test flight and obtained that subject's evaluation of the comfort of 
the test flight as a whole, and of particular aspects of comfort during that 
flight. 
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CHECK EACH ITEM VES OR HO. EVERY ITEM CHCCKCO YES MUST BE FULLY EXPLAINED IN BLANK SPACE ON RIGHT 


1$. y<M> bMn r«fuM4 or 

boon unoblo to hold m job or tUy h« 
I school bocouao ol: 

A. SofiftitMty to chomicols dust sun- 
I iiCht otc. 

I a IftsbHIty to porf^n cortsm motioiM. 

r C. InobtUty to sssumo coitslo posdioiis. 


O. Other modicsl reascwis (If yos. gnrm 


Hows you over bssn trsstod for o msotal 
condition? (If MS, spocify when, whort. 
ond phrs JstOHS). 


' 17. Hsm you over boon dontod lifo insur- 
ones? (If yos. ststo rsoson ond pivo 
) dotoilo^) 

I 

IS. Hsm you hod. o* hovo you boon adsisod 
I to hsM, any oporotions? (If y%. dmtfibm 
I ond givo Ofo at which occtMTod.) 


Havo you ovor boon a pationt In any typo 
of hospitals? (If yos. spoctfy «rhon. whoro. ! 
why. and namo of doctor and complato i 
addrass of hospital.) 


Hom you OMT had any iltnoss or injury 
othof than those already noted? (If yes. I 
spocify w h an, whora. and fivo dotailB.) | 

Hava you consulted or boon troatad by l 
dimes, physiciarks. hoaiort, or ottior 
practitionors within th« past S years for i 
other than mmor illnesses? (If yea. five ! 
complota cddrmn of doctor. hoeiAal. 
clinic, and dotails > 

Have you ever boon reiected for miUtary ' 
servico because of physical, montai. or 
other reasons? (If yes. gwo date and , 
reason for rejection.) ^ 

Have you aver boon discharfod from 


military servico because of physical, 
mental or other reasons? (If yes, five 
date, reason, and typo of daKharfe: 
w he t he r honorable, other than hooorohio. 


for unfitnoaa or unsuitability.) 


24. Have you ever received, is there pendins. 
j or have you applied for pension or 

compensation for oxistinp disability? (if I 
I yes. specify what Kind, prantod by whom. 

{ and what amount, when, why.) | 

I certify that I have reviowod tha forsfoir^g information supplied by ma and that it la true and c om p l o t a to the best of my knourledfe 
I authorixe any of tha doctors, hospitals, or clinics mantionad above to furnish the (sovemmant a com p lota transcnpl of my medical record for purposes 
of processing my opptication for this empiojrment or servico. 

Ty^O oT^INTEO ^ME OF EXAMINEE SiGNATURE 

NOTE: HAND TO THE DOCrTOR OR NURSE OR IF MAILED MARK ENVELOPE TO Bt OPENED BY MEDICAL OFFICER ONLY.*' 

2S. Physician’s summary and elaboration of all portinant data (Physician shall comment on all positive answers in items 9 through 24. Physician may 
develop by interview any additional m^dicol history hs daems Important, and record any significant findings hare ) 


TYPED OR PRINTED NAME OF PHYSICIAN OR 
EXAMINER 


NUMBER C F 
ATTACHED SHEETS 


RCVEIIK or BTANDABO FOIIM 93 


im (. tz-f on 


ORIGINAL PAGE IS 
OF POOR QUALITYi 



Questionnaire II 


O. M. 1 . N«. i«4*^ 


j 

NASA 

V 


/ 



This questionnaire Is port of on effort by the Nattortal AeforMutics ortd Space Adnninistration 
ond the University of Virginia to obtain infbrmotion from the flying public to be used in the design 
of future transportation systems. The goal is to identify the needs and desires of airline posscrrgers 
so that they con be sotisfied by future systems. Your cooperation in completing this form will be op* 
predated ortd con only bertefit you, the air traveler. 

We would like only your first impressions on each question, and you need rwt answer any ques- 
tions that offend you. 

Thank you for your cooperation. 


1. Age 2. Sex: □ Mole □ Female 

3. Occupation^ 

4. In a sentence or two, how do you feel about flying? (Examples — I love to fly; I do 
it whenever possible; or I hate to fly and do so only when forced to by my job.) 


5. Primory purpose of most of your flights? 

□ Business □ Personol □ Other 

6. Who prorvides the funds for most of your flights? 

□ Business □ Personal □ Other 

7. How often do you fly? (Exomples — Once a week, orKe a month, etc. ) 








38 


8. Place o check in the box vAtich describes the importance of eoch of the following in 
determining your sotisfoction with on oirplone ride. 


Very little Somewhot Very Of Greatest 
IMimportont Importorrce important Important importance 

Comfort □ □ □ □ □ 

Convenience □ □ □ □ □ 

Cost □ □ □ □ □ 

Reliability □ □ □ □ □ 

Sofety □ □ □ □ □ 

Time Savings □ □ □ □ □ 

Ability to Work □ □ □ □ □ 

Services on Board □ □ □ □ □ 

Surroundings □ □ □ □ □ 

Services in Terminal □ □ □ □ □ 


9. Ploce o check in the box which describes the importance of each of the followirtg in 
determining your feeling of comfort on an oirplane ride. 


Very Little Somewhat Very Of Greatest 
Unimportant importance Irrrportont Important Importonce 

Pressure Chonges □ □ □ □ □ 

Noise □ □ □ □ □ 

Temperoture □ □ □ □ □ 

Lighting □ □ □ □ □ 

Seot Comfort □ □ □ □ □ 

Up& Down Motion (bouncing) □ □ □ □ □ 

Side to Side Motion (rolling) □ □ □ □ □ 

Work Spoce and Facilities □ □ □ □ □ 

Presence of Smoke □ □ □ □ □ 
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10. Which fivs of the following activities occupy most of your time in flight? Rank them 
using the numbers from I to 5 to show the position of each, with 1 representing the meet 
time arvJ 5 the least time. Use each number only oiKe. 


- Eating 

Conversation 

Looking out the Window 

— Drinking 

Writing 

Thinking 

- Sleeping 

Daydreaming 

Walking in the aisle 

- Reoding 

Smoking 



1 1 . Below are some statements about air travel in general. Considering your overall fKghf 
experieiice, place a check in the column which indicates the degree to which you 
ogree with each statement. 


The ride is very comfortable 

Writing is difficult during flight 

Service in the air is generally very good 

Flying is too expensive 

Service in the terminal is very good 

Reading is easy during flight 

It is easy to sleep during flight 

Conversation is easy during flight 

Eating is easy during flight 

Airplane seats are comfortable 

Concentration is difficult while flying 

It is easy to relax while flying 

I am more tired at the end of a flight 

than at the begi-ming 


o ^ i 

a f 

□ — □ — . 
. □ — □ — 
n — □ — 
□ — □ — 
□ — □ — 
□ — □- 
□ — □ — 
□ — □ — 
□ — □ — 
□ — □- 
□ — □- 
□ — □- 


.5 

□ — □- 
□ — □- 
-□ — □- 
_□ — □- 
-□ — □_ 
-□ — □- 
-□ — □_ 
_□ — □_ 
_□ — □_ 


/l 

-□ 

-□ 

-□ 

- □ 
-□ 
-□ 
-□ 

- □ 
-□ 
-□ 

- □ 

- □ 


Airplane interiors are in excellent condition □ □ — □ □ — □ 


I feel cramped due to lock of seating space 
on airplanes 


„ □ ___ □ □ 
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12. If ' CHI ore going on a trip, what are some of the factors you would consider in choosing 
to go by air rather than by another mode of tronsportotion ( such as train, bus, car, etc. ) ? 


13. Please fill in the table below for your post few intercity trips, as best os you con re- 
member. 


Trip 

Route 

Mode 

Purpose of Trip 

Ler^^th of Stay 

1 

from: 

□ Autonnobile 

□ Troin 

□ Business 


To: 

□ Ai .plane 

□ Bus 

□ Other 


2 

From* 

□ Automobile 

□ Troin 

□ Business 



To. 

□ Airplane 

n Bus 

□ Other 


3 

From: 

□ Automobile 

□ Troin 

□ Business 



To: 

□ Airplane 

□ Bus 

□ Other 


B 

From; 

□ Automobile 

□ Troin 

□ Business 


fl 

To: 

□ Airplane 

□ Bus 

□ Other 


5 

From: 

□ Automobile 

□ Train 

n Business 



To; 

□ Airplane 

□ Bus 

□ Other 

i 


The success of this program depervls on your urtderstonding of the questiora osksd ond our 
knowledge of your feelings. To occomplish this, we would like to discuss this questionroire in greoter 
depth with you. If you ore willing, please put your nome ond telephone number ot which we con con- 
tact you in the spoce below ond we will moke on oppointnserrt to talk to you ot your convenience. 


|s)ome; Telephone Number: 



























Questionnaire III 


TIPS 


Please indicate below your comfort assesment of each maneuver, as it 
is announced. Please comment on any aspect of your comfort you find 


outstanding. 



Comments 
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Questionnaire IV 


1« Indicate your overall reaction to thiu flight: 

O Very Confortable 
O Confortable 
Q Sonevhat Comfortable 
Q Neutral 

O Soaei^at Unconfortable 
O Unconfortable 
Q Very Uncomfortable 

2. After experiencing this flight, 1 would: (check only one) 

Q be eager to take another flight 
O take another flight without any healtation 
Q take another, flight, but with some hesitation 
Q prefer not to take another flight 
Q not take another flight 

3. Indicate your reaction to the following notions of the aircraft: 

Not Soreidiat 

Unconfortable Unconfortable 


Up and down (bouncing), • , 
Backward and forward. . . • 

Side to side 

Sudden descents •••••• 

Sudden Jolte « 

Turning 

General vibration • • • • • 
Other (specify) s 

Cosnentsi 


□ 

□ 

□ 

□ 

n 

□ 

□ 

Q 


Q 

□ 

o 

Q 

□ 

a 

□ 

□ 


Very 

Unconfortable 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

Q 
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4,0 Check the box which indicates your feelings about each of the following items on 


this flight 

Not 

Uncomf ort 

Somewhat 

Uncomfortable 

Very 

Uncomfortable 

Lighting 


□ 

1 1 

n 

Pressure (on ears) 


□ 

□ 

' I 

Noise 


□ 

u i 

1 ' 

Odors (other than tobacco 
smoke 

. . 

□ 

□ 

[ 1 

Presence of tobacco smoke . . 

• • 

□ 

n 

1 i 

Temperature 

• • 

□ 

u 

( ] 

Ventilation 

• • 

l: 

J 

u 

Workspace 

• • 

u 

; 

□ 

In-^icate your reaction to each 

of 

the following 
Agree 

statements : 
Disagree 

Strongly 

Disagree 

The seat has enough leg room. 

• • 

□ 

L 

□ 

The firmness of the seat Is 
satisfactory 

• . 

u 

j 

G 

The seat is wide enough . . . 

• • 

□ 

□ 

□ 

The shape of the seat is 
satisfactory 

. • 

u 

□ 

□ 

The seat can be adjusted to 
your satisfaction 

• • 

J 

□ 

O 

Check the box which Indicates 
each of the following: 

how 

much time during this trip you spent doing 



Little or none Some 

Considerab le 

Reading • • , • 

. . 

□ 

□ 

□ 

Writing 

a a 

□ 

□ 

□ 

Talking 


□ 

a 

□ 

Looking out the window* • « * 

a « 

□ 

□ 

□ 

Oozing. a • a 

a a 

□ 

□ 

□ 

Thinking 

a a 

ID 

□ 

□ 

Drinking or eating* • . • . • 

a a 

□ 

□ 

□ 


If any of tht above were difficult to performt vhich onc(s)? 









APPENDIX B 


RIDE COMFORT RATING A:,ALYSIS OF VARIANCE 


An individual ride comfort rating. 


R. 


ijkl’ 


is identified within the whole 


array of ride comfort ratings obtained by four factor indices i,j,k, ana 1, 


which are defined as follows: 


Factor A i = 1,2 Maneuver motion command tape (Tape I or 

Tape II) piloting the aircraft at time 
rating was obtained 


Factor B j = i,2,3,4 Repetition of Tape I or II during which 

rating was obtained 


Factor C k = 1,2,.. .,24 Individual test maneuver for which rating was 

obtained 


Factor 3 1 = I, 2,..., 10 Seat in which the passenger giving the rating 

was seated 

Thuc, with two motion command tapes, each te- ed 4 times, with each i .pe 
repetition providing 24 individual test maneuvers, and each test maneuver 
evaluated by 10 subjects, there are 1920 (2x4x24x10) individual ride comfort 
ratings • Each rating is uniquely defined by the 4 factor indices i, j, 

k, and 1. 
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Analysis of variance determines which, if any, of the 4 factors (A, 8, C, 
or 0) or combinations of factors (e.g. A with B, B with D, A with C with 0, etc.) 
account for substantial portions of the statistical variance in the ride comfort 
ratings obtained. This determination is equivalent to determination of which of 
the 4 factors or combinations of factors exerted substantial influence on the ride 
comfort ratings obtained. 

Discussion of Mathematical formulas Employed 

The mathematical formulas used in the analysis of variance (See table B - I 
for numerical examples) are presented in this section. For an individual factor 
(Factor A, for example), the rating sum of squares (S^) is determined as follows: 



t c / 


5, = 

^ X ZHK 10 





[= 30. 3] 


where: 


H 2i lO 

T -- SII 

J*i Ktl 


Kjt 


T -- 


K2 


4-I 


Similarly, the sums of squares for the remaining individual factors (B, C, 


and D) are, respectively: 
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A two-factor interaction is the effect on the rating variance of a combi- 
nation of two factors. For the two-factor interaction AB (motion comnand tape 
with tape repetition) the rating sum of squares (S^g) is: 



<- 


i--; j'-l 


ZH X \0 



_zl 

XO 




XH 10 


R. 


K« 


K*l 


where: 
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Similarly: 


5 *. 
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A three-factor interaction is the effect on the rating variance of a 
combination of three factors. For the three- tor interaction ABC (motion 
command tape with tape repetition with individual flight maneuver) the rating 
sum of squares is: 



where: 








R.. 

■ j K( 


Similarly: 
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H 1‘i lO 


■JlCf 


j-l k.' 


^BCD ~ 


T'' 




/9;?^ 


The total variance sum of square (S) is: 


;i ^ 3M to 

^ - tiss 


H.. 


ij H£, 


u\ K-i i»i 


T± 

!9iO 


The error sum of squares is: 


5. = 5 - 


5, + s, + 4 








6 t *-^00 


CD 


4*C 4nn^4tB ^ .^I 


<»I»D 


■^BCP 


The nuniL-^r of degrees-of-freedom for a given factor is defined as one less 
than the dimension uf that factor. Factor C, for example, has 23 (24-1) 
degrees-of-freedom. The two-factor interaction BC has 69 [(4-1) x (24-1)] 
degrees-of-freedom. The three- factor interaction Sro has 621 
[(4-1) X (24-1) X (10-1)] degrees-of-freedom. 
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The medn square for any individual factor or factor interaction is defined 
as its sum of squares divided by its degrees-of-freedoru. For example, the 
mean-square value for the two-factor interaction BD is 13.3 (359.7/27). 

The F statistic for any individual factor or factor interaction is defined 
as the ratio of the mean-square value for that factor to the error mean-square 
value. For example, the F statistic for the three-factor interaction ABD is 
17.7 (15.9/0.9). The F statistic for any individual factor or factor interaction 
can be used together with a tabulation of the statistical F-distribution to 
determine the probability that variations in the ride comfort ratings obtained 
were influenced by that particular factor or combination of factors. This is 
done by scanning F-distribution tabulati ns to determine the minimum significance 
level (a table parameter defined below) for which the tabulated F value (having 
paired degrees-of-freedom equal to those of the analysis-of-variance error 
term and of the factor in question) does not exceed t''e F statistic for the 
factor in question. The signi ficanc .* level (a) thus deter, .ined is the 
probability that any apparent effect of the factor in question occurred, in 
fact, merely by chance. Subtracting this probability from unity ;l-a) yields 
the probability that the factor in question had significant influence on the 
variance in ride-comfort ratings obtained. For example the F statistic for 
*^actor B is 2.6 with 3 degrees of freedom. The error term has 621 degrees-of- 
freedom. Examination of F - distribution tables at a combination of 3 and 621 
degrees-of-freedom yields tabulated F values of 2.08 for a = 0.13, 2.58 for 
a = 0.05, and 2.79 for a = 0.025. Therefore, there is at least a 5-percent 
probability (a = 0.05) that the factor B did not influence the ratings obtained. 
Conversely, there is somewhat less than a 95-percent probability that the ratings 
were influenced by repetition of a given maneuver motion command tape (Factor B). 
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Discussion of Analysis Results 

It can be said with a 0,1 percent chance of error (0.001 significance 
level) that among the individual factors the maneuver tape, maneuver segment, 
and passenger seat affect subjective responses. Only by accepting a 10 percent 
probability of error can one say that repetition of a given maneuver tape 
had an influence on the subjective responses obtained. This result is gratifying 
because it indicates that the objective of repeating the flight maneuver 
sequence through magnetic-tape control of the aircraft was achieved. The 
dominant main effect appears to be the individual maneuver segment (as was 
intended). The two maneuver tapes were so individually structured as to 
present two approximately equivalent series of maneuvers. 

Employing the procedures defined previously and sub-factors, the sum of 
squares attributed to seat location (Factor D) can be further partitioned in 
several ways, as shown in Table B-II. In this table, the partial sum of 

squares for each sub-factor is that portion of the sum of squares due to seat 

location (143.7) which is in turn due to the particular sub-factor. Whether a 

seat was next to a window or on the aisle, and whether the seat was in the 

forward or aft cabin had little apparent effect on the subjective responses 
given by a passenger in that seat. The sub-factor accounting for 84 percent 
of tne sum of squares due to seat location seems to be whether or not the 
seat could be reclined. Seats 3 and 6 were prevented from reclining by a wall 
panel immediately behind, while the same was true of seat 10 because of a video 
recorder mounted immediately behind the seat. Another possible reason for this 
contrast is that the noise level measured at th" less comfortable seats 
exceeded the level at the other seats. Althougn the noise-level difference 
appeared to the minor, the noise at seats 3 and 6 included a high-pitch whint 
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T'rom the hydraulic equipment behind the paneling. The difference in mean 
subjective response between the reclining and non-reclining seats is 0.55, 

Although four of the six two-factor interactions {tape/repetition, tape/ 
segment, tape/seat, and repetition/seat) are significant at the 0.001 level, 
the tape/seat and repetition/seat interactions are dominant, together accounting 
for 71 percent of the two-factor sum of squares. The magnitude of the tape/ 
repetition interation could be expected as the two tapes and individual segments 
within a given tape contained widely-varied maneuvers. The substantial 
repetition/seat interaction was also expected, as repetition of eitiiar tape 
sequence was preceded by at least a shuffling of subjects among seats and most 
often by a change of subjects altogether. 

The tape/repetition/seat interaction was found to be significant at the 
0.001 level. The interaction sum of squares (which spans the data obtained from 
the entire passenger subject population) can be partitioned among various 
passenger-subject characteristics as shown in Table B-III. Data for defining 
these contrasts were obtained from the test-subject schedule and personal 
background questionnaires. The partition according to general attitude toward 
flying was determi r.- .i by whether or not the subject included any expressions 
of apprehtnsion describing his general attitude toward flying. The partition 
according to previous maneuver experiments experience was determined by 
whether or not the subject had flown on a previous maneuver experiment flight. 
While none of these sub-partitions accounts by itself for a substantial portion 
of the tape/repetition/seat interaction, all except sex indicate effects on the 
interaction which are significant at the 0.001 level. The mean subjective 
rating given by males was 3.57 while the mean rating given by females was 3.63. 
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In summary, analysis of variance applied to the passenger response data 
indicates that the objective of presenting a repeatable flight environment to 
passenger-subjects on different flights was achieved. The particular maneuver 
being tested and the passenger seat location were found to significantly affect 
the subjective rating given, while the variation in ratings given between 
repetitions of a given maneuver sequence were insignificant. Seat location 
effects can be largely explained by three seats which were non-reclining and 
in a noisier location than the other seven. Significant two and three factor 
interactions exist which were not found to be explainable by known passenger- 
subject characteristics. 
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Table B-I - Comfort Rating Analysis of Variance 


Source of variation 

Sum of squares 

D.O.F. 

Mean Square 

F 

Main Effects: 

A (Maneuver tape) 

:i0.3 

1 

30.3 

33.7 

B (Tape Repetition) 

6.9 

3 

2.3 

2.6 

C (Maneuver Segment) 

271.8 

23 

55.3 

61.4 

0 (Seat) 

143.7 

9 

16.0 

17.8 

Two-factor interactions: 

AB 

24.8 

3 

8.3 

9.2 

AC 

534.7 

23 

23.2 

25.8 

AD 

8l.O 


9.U 

10.0 

BC 

74.7 

6y 

1.1 

1.2 

BB 

359.7 

27 

13.3 

14.8 

CO 

104.6 

207 

0.9 

1.0 

Three-factor interactions: 

ABC 

73.5 

69 

1.1 

1.2 

ABD 

428.5 

27 

15.9 

17.7 

ACD 

179.3 

207 

0.9 

1.0 

BCD 

464.3 

62 f 

0.7 

0.8 

ERROR 

539.4 

621 

0.9 

— 


lOTAL 


4J97.2 


1919 
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Table B-II - Analysis of Variance - Seat Location Effects 
Location Effects 


oource of variation 

Sum of squares 

D.U.F. 

Mean square 

F 

Seat Location (D) 

U3.7 

9 

16.0 

17.8 

Window-Aisle 

Front-Rear 

Reclining-Fixed 

(i.lj 

(0.6) 

(120.6) 

(1) 

(1) 

(1) 

(3.1) 

(0.6) 

(120.6) 

(3.4) 

(0.6) 

(134.0) 

Table B-III - Analysis 

of Variance - Effects of Passenger Characteristics 


Characteristics Effects 



Source of variation 

Sum of squares 

D.O.F. 

Mean square 

F 

Tape/Repeti tion/Seat 
Interaction (ABD) 

428.5 

27 

15.9 

17.7 

General Attitude 
Toward Flying 

(79.9) 

(1) 

(79.9) 

(88.8) 

Previous Flight 
Experience 

(37.3) 

(1) 

(37.7) 

(41.4) 

Maneuver Experiments 
Experience 

(27.0) 

(1) 

(27.0) 

(30.0) 

Age 

(13.9 

(1) 

(13.9) 

(15.4) 

Sex 

(5.2) 

(IJ 

(5.2) 

(5.8) 



APPENDIX C 

MULTIPLE LINEAR REGRESSION ANALYSIS TECHNIQUE 
Present Regression Analysis Technique 

The stepwise linear ►'egression analysis computer program used in the 
present analysis is so named because it develops linear regression equation^ 
in several steos. The first step determines the coefficients of an equation 
expressing the ride comfort rating as a linear function of one of the 13 
measured aircraft motion variables (Tabi^- V). The variable which is chosen 
(through logic routines within the program) is that variable which minimizes 
the root-mean-square (rms) error between the actual ride comfort ratings and 
corresponding ratings predicted by Hhe regression equation. An equivalent 
expression of this criterion is that the variable chosen is that variable 
which maximizes the regression coefficient of multiple determination (R ), 
which is the proportion of the total variance in individual ride comfort 
ratings accounted for by the regression equation. The next step in the step- 
wise regression analysis program is expansion and modification of the regression 
equation to express the ride comfort rating as a linear function of two of 
the measured motion variables. Again, the variable added to the regression 
equation is that variable which makes the greatest increase in the regression 
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coefficient of multiple letermi nation (r 2). This stepwise process repeats, 

with the regression equation growing to include ore more motion variable at 

each step, until either the regression equation includes all 13 measured motion 

2 

variables, or no further improvement ii'. R is possible. As an example, consider 

the data presented in Table VI. The first column simply indicates the 13 

possible regression steps. The remaining 12 columns are in 6 pairs. Each 

pair describes the order in which the 13 motion variables were incorporated 

into the regression equation when these 13 variables were measured in one or 

6 ways (mean value, mean deviation, standard f^eviation, root-mean-squ’.ro, 

maximum deviation and a combination of root-mean square and standard deviations). 

For example, the first column pair indicates that when the 13 .tio., variables 

were measured in terms of their mean values (y), the first variable chosen 

(Step 1) by the stepwise regression program war the mean value of pitch rate 

2 

(y ). The resulting R is 0.046; that is, 4.6 percen*- of the variance in 
d 

individual ride comfort ratings is accounted ^or by an appropriate equation 
describing ride comfort ratings as a linear function of pitch rate only. 

When the mean value of longitudinal acceleration (y^ ) was included as a 

2 

second term in the regression iquati n (Step 2), R grew to 0.174. This large 
jump in R is due to a synergistic effect whereby two variables can togetrier 
account for a proportion (R ) of the rating variance which is larger than the 
sum of the R for each variable considered individually. The stepwise process 
of adding variables to the regression continues until beyond Step 10 no 
further improvement in R is possible using any of the three variables thus 
far left out of the 'egression. 

At each regression step, the program determines not only the coefficients 
of the appropriate regression equatim, but also various statistical parameters 
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which allow evaluation of: the degree to which the regression equation as a 

whole fits the experimental data, the relative importance of individual terms 
in the regression equation, and the accuracy to which individual coefficients 
in the regression eq*iation are known. For example, consider the data presented 
in table VII. The "model" shown is simply the regression equation which developed 
in the fourth regression step in the last column pair of table VI, discussed 
previously. The variable coefficients in this equation amount to a least- 
squares-fit of a finite sample of experimental data. If the maneuvers experi- 
ments were to be repeated and the same analysis technique employed, there is 
practically no chance that exactly the same regression coefficient values 
would oe obtained. Based on the analyzed data, the regression analysis 
program determines for each variable coefficient a numerical confidence interval 
within which that coefficient would fall with a given probability if the 
experiment were repeated For example (table VII), although it is not certain 
that repetition of the maneuver experiments and data reduction would result 
in a coefficient of equal precisely to 12.3, there is a 90 percent proba- 

X 

bility that the coefficient of o would fall between 9.4 and 15.2. A 

"x 

corresponding confidence interval for a higher probability would be wider and 
for a lower prc..ability would be more narrow. These confidence intervals tell 
the user of such a regression equation how accurately the individual regression 
coefficients are known. Tiie "Mean Rating Contribution" (table VII) for each 
motion variable is simply the product of that variable's regression coefficient 
and the mean value of the variable over al 'ie experimental data on which 
the model is based. The sum of th** mean rating contributions by ’ndividual 
terms in the regression equation is equal to the mean ride comfort rating for 
the data on which the model is based. "Correlation with individual ratings" 
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is the simple correlation coefficient between individual ride comfort ratings 
and corresponding ratings predicted by the regression equation. "Correlation 
with mean ratings" is the simple correlation coefficient between the mean of 
the 10 individual ratings given individual maneuvers and the corresponding 
ratings predicted by the regression equation. Because the regression predicts 
only one rating value for any given maneuver and cannot account for differences 
of opinion among the 10 subjects who evaluated the maneuver, the correlation 
with mean ratings is always greater than or equal to the correlation with 
individual ratings. For the same reason the "rms error with respect to 
individual ratings" is always greater than or equal to the "rms error with 
respect to mean ratings." Here error is again defined to be the arithmetic 
difference between an experimental ride comfort rating and the corresponding 
rating predicted uy the regression equation. The "Regression F" value is a 
statistical quantity which indicates the orobability (however small) that the 
entire regression equation resulted by chance. The Regression F thus is 
indicative of the confidence to be placed in the regression as a whole. 

The total ride comfort rating variance can be divided into portions 

(expressed as percentages) due to several factors as shown at the bottom of 

table VII. The first portion is that portion (36.3 percent) which is due to 

differences among the various flight maneuvers tested and which is thus 

2 

explained by the regressior; model. This percentage is identical to R 
discussed earlier. The ren.aining error variance (63.7 percent in this example) 
is mostly (54.1 percent) r.ccountpH for by the differences of opinion among 
the 10 subjects evaluati g any particular maneuver. The first two portions 
thus indicate the relative influences of differences among test maneuvers and 
of differences among test subjects on variance of the ride comfort ratings 
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obtained. The last portion is that rating variance which could not be 
explained and is thus considered to be error. 

Regression Analysis Forrailas 

An experimental data variable can be related to one or more other 
variables of the experiment through the linear equation: 

R - a, X, -t -r -t- a^X„ 

(C-1) 

= = AX 

where R is the data variable of interest (in this case the predicteu ride 

comfort rating); X is the vector fxj, x^, x^]^ of independent motion 

variables (here the vector of aircraft motion variables); A is a vector 

[aj, a 2 » a^, a^]^ of coefficients determined through multiple linear 

regression analysis of the experimental data. 

Basic Procedure .- The experimental data are obtained in data sets having 
one value of the dependent variable (R^) paired with one set of independent 
motion-variable values (X-^) such that: 






n 






(C-2) 


where e. is a random residual equal to the arithmetic difference between 
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the experimentally observed R. and the calculated sum: 






(C-3) 


The regression coefficients A = [a.] are determined by using least-squares- 

J 

analysis to minimize the error sum-of-squares: 



(C-4) 


The procedure for doing this is as follows: 

A leading column of ones (unity values) is appended to the m x n matrix 
of experimental motion-variable values X = [x^jl to create the matrix X‘: 


X.2 




:x = 


I X, 


nil 


X,» 


(C-5) 




Least-squares-analysis results in the following expression for the regression 
coefficient vector A: 




R 


A 


(C-6) 
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The vector A has dimension (n + 1) and includes the constant coeffi- 
cient a . 

0 

The stepwi se lint .r regression analysis computer program employed in the 
current analysis (Subroutine 62.3, SWRA, in the Langley Research Center 
computer library) employs the above technique with one significient refinement. 
Instead of immediately determining coefficients [aj] for an n-term regression 
equation, the program first determines the two coefficients most appropriate 
(in the least-square-error sense) for a two-term relationship: 

R = a. + (C-7) 


where X|^ is tnat single motion variable which, in the regression equation, 
minimizes the mean-square residual. In other words, is that single motion 
variable whose observed values can best account (in a two-term-1 inear expres- 
sion) for the observed variance of the dependent variable R. With this partial 
variance removed from the total variance of R, the program then expands and 
adjusts the regression equation (matrix A of regression coefficients) to 
Include an additional term. The next term added, once again, is chosen from 
among the remaining variables to be that variable whose observed values best 
account for the remaining variance of the dependent variable R. This process 
is repeated until either all available independent variables have been included 
in the regression equation or until no furthe.- significant reduction in 
mean-square residual is possible. 

Confidence intervals .- A 100(1 - a)% confidence interval for the 
regression coeff ient aj is defined as: 


t t 




(C-8) 
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where a. is the coefficient value as determined by linear regression; 

J 

is the value of the statistical parameter t at the a/2 
significance level and with m-k-1 degrees-of-freedom (m is the number of 
data points on which the analysis is based and k is the number of variables 
in the regression equation); s, is the standard error of the regression 

coefficient a. which is defined as follows: 

J 


54. = S\/ mc-.j 


(C-9) 


In equation (C-9) c. . is the j— diagonal element of the matrix B, defined 

J J 

as: 


B = 



(C-IO) 


and S is the regression standard error-cf-estimate: 


(C-11) 

A 100(1 - a)% confidence interval for the mean rating is given by: 

R. - V., S-JyilBX, (c-12) 

where is the rating predicted by the regression equation for the matrix 
of flight variables, and all other quantities are as previously defineo. 
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Correlation .- The correlation coefficients r are determined by the 
simple correlation relationship: 


r 


1 



(C-13) 


where is the i— observed experimental rating and is the corre- 

sponding rating as predicted by the regression equation. 

Ri -il -' ean- square (rms) error .- The root-mean-square (rms) error e^^ 
is defined by the relationship: 


X 


e 


^ms 



(C-14) 


Regression F-value .- The regression F-value is defined as the ratio 

of the rating variance accounted for by the regression (Vj^) to the error 
2 

variance S . 


F = V,/5“ 


(C-15) 


where 




a"x'"r 


(C-16) 
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Partitioning of rating variance .- The total rating variance V can be 
partitioned as follows: 

'/ = Vr * (c-i;> 

where Vj^ is the rating variance accounted for by the regression equation 
and is as previously defined; is the rating variance accounted for by 

differences in subject ratings given any particular maneuver: 

(C-18) 


In equation (C-18) R.. is any one of 10 individual ratings obtained during 

the i^*^ test maneuver; is the mean rating obtained during the i^^ test 

maneuver; and m. is the number of test maneuvers on which the regression 

equation is based. The V „„ term is the error variance (due to lack-of-fit 
^ error 

of the regression model). 



REFERENCES 

[1] Richards, L. G. : "Ride Quality Evaluation I: Questionnaire Studies 

of Airline Passenger Comfort," Ergonomics , 1975, vol. 18, no. 2, 
pp. 129-150. 

[2] Jacobson, I. 0., and Richards, L. G.; "Ride Quality Evaluation II; 

Modeling of Airline Passenger Comfort," Ergonomics , 1975, vol. 18, 
no. 6. 

[3] Reeder, J. P. : Future Airborne Systems for Terminal Area Operations . 

Paper presented at the 18th Symposium of the Society of Experimental 
Test Pilots, September 1974. 

[4] Gillingham, K. K. : A Primer of Vestibular Function, Spatial 

Disorientation, and Motion Sickness . Aeromedical Review No. 466, USAF 
School of Aerospace Medicine, Brooks Air Force Base, Texas, June 1966. 

[5] Jacobson, I. D. , Kuhlthau, A. R. , and Richards, L. G.: "Application of 

Ride Quality Technology to Predict Ride Satisfaction for Commuter-Type 
Aircraft." NASA TM X-3295 , December 1975. 

[6] Conner, D. W. , and Schoonover, W. E., Jr.: "Status of STOL Ride Quality 

and Control." NASA S P-:20, 1972, pp. 215-226 

[7] Serkel, E. , and Miller, G. E.: "Exploratory flight Investiyation of 

Ride Quality in Simulated STOL Environment." NASA TM X-2620 , 1972, 
pp. 67-90. 

[8j Reynolds, P. A., Wasserman, R. , Fabian, G. J., and Motyka , P. R.: 

Capability of the Total In-Flight Simulator (TIES) . AFFDL-TR-72-39, 
July 1972, Air Force Flight Dynamics Laboratory, Wri ght-Patterson Air 
Force Base, Ohio. 


67 



68 


[9] Wasserman, R., and Motyka, P. R.: In-Flight Investigation of the B-1 

Flight Control System . AFFDL-TR-73-135, Dec. 1973, Air Force Flight 
Dynamics Laboratory, Wright-Putterson Air Force Case, Ohio. 

[10] Wasserman, R., and Mitchell, J. F.: In-Flight Simulation of Minimum 

Longitudinal Stability for Large Delta-Wing Transports in Landing 
Approach and Touchdown . FAA-Rn-73-43, Washington, D.C., 1973. 

[11] Lee, W., and Jacobson, I. 0.: Characteristics of the Air Traveler - A 

Selective Review . Univ. of Virginia Memo. Rep. 403204, Jur.3 1972. 

[12] Jacobson, I. D., and Rudrapatna, A. N.: Flighf Simulator Experiments 

to Determine Human Reaction to Aircraft Motic^ Environment . 

NASA CR-140055, Univ. c ’ Virginia, July 1974. 

[13] Stone, R. W., Jr.: Human Comfort Response to Random Motions with 

a Dominant Vertical Motion . NASA TM X-72691 , May 1975. 

[14] Matsui , S.: "Comfort limirs of Retardation and Its Changing Rate for 

Train Passengers." Japanese Railway Engineer , vol. 3, no. 1, 

March 1962. 



TABLE I - Descriptive and Parametric Sumnary of Test Maneuvers 


69 





(b) Maneuver Command Tape II 
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Table II * Passenger Subject Characteristics 
(a) Responses to background questionnaire 


FLYING 







mmimm 



SUBJECT 

AGE 

SEX 

OCCUPATION 

(flights 

PURPOSE — 

FUNDING 

ANXIETY? 





per year) 

(Personal , 

Business ) 

(Yes, No) 

1 

21 

M 

student 

2 

P 

P 

N 

2 

38 

M 

engineer 

100+ 

B 

P 

N 

3 

30 

M 

bus driver 

1 

P 

P 

N 

4 

20 

F 

student 

12 

D 

P 

N 

5 

36 

M 

comm, pilot 

lo0+ 

P&B 

B 

N 

6 

53 

M 

engineer 

12 

B 

B 

N 

7 

23 

M 

sales mgr. 

3 

P 

P 

N 

8 

20 

M 

student 

4 

P 

P 

N 

9 

36 

F 

secretary 

2 

P 

P 

N 

10 

25 

M 

military 

12 

P 

P 

N 

11 

20 

M 

student 

0 

B 

B 

N 

12 

22 

F 

secretary 

1 

P 

P 

Y 

13 

28 

M 

engineer 

100+ 

B 

B 

N 

14 

44 

M 

professor 

3 

B 

B 

N 

15 

56 

M 

mechanic 

40 

P&B 

P 

N 

16 

42 

F 

professor 

3 

P 

P 

N 

17 

19 

M 

student 

2 

P 

P 

N 

18 

24 

A 

student 

4 

6 

B 

N 

19 

55 

F 

secretary 

0 

P 

P 

Y 

20 

54 

M 

mechanic 

1 

B 

B 

Y 

21 

35 

F 

librarian 

2 

P 

P 

N 

22 

33 

F 

homemaker 

1 

P 

P 

Y 

23 

32 

M 

engineer 

30 

B 

B 

Y 

24 

27 

M 

data mgt. 

3 

P 

P 

N 

25 

35 

F 

d ta mgt . 

6 

P 

P 

N 

26 

35 

F 

data mgt. 

U 

B 

B 

N 

27 

43 

F 

homemaker 

0 

P 

P 

N 

28 

20 

F 

student 

1 

B 

B 

N 

29 

54 

M 

contractor 

1 

P 

P 

N 

30 

32 

M 

engineer 

12 

B 

B 

N 
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Table II - Continued 

(b) Comparison with air travelers in general 


Characteristics 

General Air 
Travelers, percent 

Maneuvers 
Subjects, percent 

Age: 

20 yr. and under 

(refs. [1] and [llj) 
IS 

17 

2l to 40 yr 

45 

5n 

41 to 60 yr 

32 

2 

61 yr. and over 

5 

0 

Sex: 

Male ... 

75 

63 

Female 

25 

37 

Frequency of flying: 
0 (flights/year) 

2.3 

10.0 

1-5 

3'’ 0 

53.3 

5+ 

6-0.7 

36.7 

Purpose of trip: 

Business 

75 

40 

Persona I 

25 

60 

Attitude toward flying: 

Enjoy flying 

60 

^4 

Have no strong feelings 

35 

!6 

Dislike flying 

4 

0 
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Table III. - Ride •wOt.;orc Rating Scale 

1 Very Comfortable 

2 Comfortable 

3 Sc.^ewhat Comfortable 

4 Neutral 

5 Somewhat Uncomfortable 

6 Uncomfortable 

7 Very Uncomfortable 



Table IV - Sample of Passenger Ride Comfort Ratings 
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Table V. - TIPS Motion Variables Chosen For Analysis 

1 Noraat Acceleration 

2 Transverse Acceleration 

3 Longitudinal Acceleration 

4 Rol 1 Rate 

5 Pitch Rate 

6 Yaw Rate 

7 Roll Angle 

8 Pitch Angle 

9 Heading 

10 Flight Path Angle 

11 Altitude 

12 Climb Rate 

13 Indicated Airspeed 



Table VI - Order of Variable Entry and Coefficients of Multiple Determination - Summary Regression Model 


76 



& 

^1-4 lA VO r— CO 0\ o <-f CM on 


ORIGINAL PAGE IS 
OF POOR QUALrrr 



Table VII - Regression Model of Passenger Comfort During Flight Maneuvers in General 
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Table VIII - Order of Variable Entry and Coefficients of Multiple Determination - Simple Turn Models 
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Table IX - Regression Model of Passenger Comfort During Simple Turns 
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Table X - Order of Variable Entry and Coefficients of Multiple Determination - S-Turn Models 
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Table XI - Regression Model of Passenger Comfort During S-Tums 
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Table XII - Regression Model of Passenger Comfort During Simple Turns and S-Turns 
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Table XIII - Order of Var’able Entry ■ .J Coefficients of Multiple Determination - Steady Descent Models 
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Table XIV - Regression Model of Passenger Comfort During Steady Descents 



Differences among subject ratings of any given maneuver 
Error (modp^ lack-of-fit) 



Table XV - Order of Variable Entry and Coefficients of Multiple Determination - Decelerations with Pitchover 
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Table XVI - Regression Model of Passenger comfort During Decelerations with Pitchover 
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Table XVII - Order of Variable Entry and Coefficients of Multiple Determination Turning Dir*^’%ratto»‘: t^itchover 
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Table XVIII - Regression Model of Passenger Comfort During Turning Decelerations with Pitchover 
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Figure 1.- USAF Total In-Flight Simulator 
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Figure 1.- Concluded 
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Figure 3 - Concluded 










D- o ^ 


O 



Fi 9 ur 0 4» ~ TIPS vdri dbl 0 -stdbi 1 i ty syst6ni. 







MAGNETIC ROLL ANGLE ^ llOW-PASSl , 1 VARIABLE 
TAPE COM/VWND SIGNAlI FILTER I lAHENUATOR 



Figure 5. - Example control loop mechanizat ion (aileron channel). 
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Figure 6. - Example of TIPS maneuver repeatibility (turning deceleration with pitchover). 
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Figure 7 - Comparison of attitudes of maneuver '•xperiments passenger 
subjects and of air travelers in j"'neral toward various 
aspects of air transportation. 
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Fiqure 1 /. - Connarison of simple turn and S-turn reqression models. 
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Figure 13 - Predicted and experimental ride comfort ratings during simple turns and S turns. 
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Figure 14 - Mean rating confidence Interval and comparison with data from another experiment. 
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Figure 15 - Passenger satisfaction during simple turns and S-turns. 
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Figure 16 - Example steady descent. 
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Mean passenger comfort ratings during steady descents. 
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Finure 17 - Concluden. 
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Figure IP - yO-percent confidence interval for mean ride comfort rating during steady descents. 
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Figure 20 - Passenger satisfaction during steady descents. 



Figure 21 - Example longitudinal deceleration with pitcnover. 




Figure 22 - Model -predicted and experimental ride comfort ratings during longitudinal decelerati 
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Figure 24 - Passenger satisfaction during longitudinal decelerations with pitchover. 




